A cDNA encoding the 14-kDa subunit of vacuolar ATPase was cloned from human fetal brain. The sequence was composed of 680 nucleotides containing an open reading frame of 357 nucleotides. The deduced peptide sequence consisted of 119 amino acid residues with a calculated molecular weight of 13,369 Da and a pi of 5.19. Overall, this amino-acid sequence was respectively 69% and 70% identical to those of Manduca sexta and Drosophila melanogaster 14-kDa subunits, although the two representatives of Class Insecta were remarkably similar to one another (91% identity). Three regions in particular (the N-terminal, amino acids 5-36; the middle, residues 58-68; and the C-terminal, residues 88-118) were highly conserved. Hence, we think that the 14-kDa subunits have evolved from the same ancestral gene, and that the three conserved regions are important for the structure and function of vacuolar ATPase. A single 0.8-kb band was detected in various human tissues by Northern blot analysis. Since the human 14-kDa subunit is expressed ubiquitously, it might be a housekeeping protein. A separate transcript"found in the cDNA library lacked a 6-bp segment in the 5' non-coding region (nucleotides -40 to -35) and also carried a 23 C to T ( 8 Thr to He) point mutation in the coding region; these minor differences likely reflected normal polymorphism.
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Vacuolar ATPase 14-kDa Subunit of Human cDNA [Vol. 2, tures, its individual subunits may be responsible for dif-2. Materials and Methods ferent functions, such as catalysis, catalytic regulation, proton channelling, complex-assembly, targeting of the ®-l-Construction and sequencing enzyme to specific organelles, and other activities unWe have determined the nucleotide sequences of apknown as yet. For clarification of the various functions proximately 15,000 clones which were randomly selected of V-ATPase polypeptides, it is essential to obtain infor-from a human fetal-brain cDNA library (unpublished remation about the structure-function relationships among suits, T.F., Y.N., S.S.). Poly(A + ) RNA of human fethe individual subunits and to study the corresponding tal brain (12-16 weeks old) was purchased from Clonsubunits from more than one species. In the present tech. The cDNA library was constructed by directional study, we determined the primary structure of the human cloning using the ZAP-cDNA synthesis kit from Strata-14-kDa subunit of V-ATPase on the basis of a cDNA iso-gene. pBluescript phagemids were rescued by in vivo lated from human fetal brain, and examined its sequence excision, 15 and plasmid DNAs were isolated by a modihomologies with subunits from insect sources.
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fled alkaline-lysis minipreparation procedure 16 using an automatic plasmid isolation system PI-100 (Kurabo). All DNA sequencing was performed by the dideoxy nucleotide chain-termination method 17 using an auto-cycle and auto-read sequencing kit (Pharmacia); analysis was done with an A.L. • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * macia). Data were compared with published sequences in GenBank and EMBL. Clone GEN-079C10, which showed significant DNA sequence homology with the 14-kDa subunit of M. sexta V-ATPase, seemed to represent the human homolog with some 5' sequence missing.
5'-Rapid amplification of cDNA ends (5'RACE)
To amplify the 5' missing sequence, we performed 5'RACE with the 5'-AmpliFinder RACE kit (Clontech) with slight modifications. Briefly, 0.1 ng of human fetal-brain mRNA was reverse-transcribed with random hexamer by Superscript II (LIFE TECHNOLOGIES) to synthesize cDNAs, which were amplified by the 1st polymerase chain reaction (PCR) with PI primer (5'-ATGGACTGCTGGTGGGCGTCCAGGGCAT-3') and anchor primer (described in the manufacturer's protocol; the PI and P2 primers are underlined in Fig. 1A.) , after which 1 fA of the 50-/xl 1st PCR product was amplified by the 2nd PCR with a nested P2 primer (5'-AGCTCGAGACCATCTCTGCGATGTACTGGTTGA-3') and an anchor primer. The 2nd PCR product was analyzed by 1% agarose gel electrophoresis. The 5'RACE product was purified, inserted into pT7Blue(R) T-vector (Novagen), and sequenced. The resulting sequence of the human 14-kDa subunit cDNA was submitted to the DDBJ/EMBL/ GenBank and carries accession number D49400.
Northern blot analysis
Northern blot analysis was carried out with the Human Multiple-Tissue Northern (MTN) blot (Clontech) according to the manufacturer's protocol. The probe was derived from clone GEN-079C10, amplified by PCR with primers of T3 and T7 promoter sequences. The PCR product was purified and labeled with [ 32 P]dCTP using a random-primed DNA-labeling kit (Boehringer Mannheim). The membrane was prehybridized for 3 hours and then hybridized with the probe for 18 hours at 42°C in 50% formamide/5x SSC/lOx Denhardt's solution/2% SDS containing 100 /ig/ml denatured salmon sperm DNA. The membrane was washed with 2x SSC/0.1% SDS at 50°C for 1 hr and exposed at -80°C for 24 hr.
Results and Discussion
We have been performing large-scale sequencing of clones randomly selected from a human fetal-brain cDNA library. As a result, we have obtained data on about 15,000 clones as expression-sequence tags (ESTs). Computer-assisted analysis using the GenBank/EMBL databases revealed that a 550-bp cDNA clone, GEN-079C10, had significant homology in nucleotide sequence with the gene encoding the 14-kDa subunit of V-ATPase from the midgut of M. sexta. 14 The amino acid sequence of the polypeptide fragment predicted on the basis of the incomplete GEN-079C10 sequence was homologous to the 14-kDa subunit proteins of both M. sexta and Drosophila melanogaster (GenBank accession No. Z26918). To recover the 5' portion of the gene that was missing in GEN-079C10, we amplified the 5' end of this clone by 5'RACE from a fetal-brain library, using gene-specific primers as described in materials and methods, and obtained two distinct clones containing putative initiation (ATG) sites. One of these cDNAs, (hV-14A) was composed of 680 nucleotides, including a 357-nucleotide open reading frame (ORF) encoding 119 amino acids with a calculated molecular weight of 13,369 Da (Fig. 1A) . Its isoelectric point (pi) was 5.19, calculated by the method of Skoog and Wichman. 18 The second clone (hV-14B) showed minor differences from hV-14A, the absence of six base pairs (nucleotide -40 to -35) in the 5' non-coding region, and a point-mutation of nucleotide 23 C to T ( 8 Thr to He) in the coding region (Fig. IB) . A putative polyadenylation signal (ATTAAA), which is less common than the typical AATAAA, was located 29 bases upstream from the poly(A)-additive site. Although the N-terminal amino acid sequence of the human 14-kDa subunit is not known for certain, we concluded that the ATG triplet designated 1-3 in Fig. 1 is the initiation codon because (i) the longest ORF is usually thought to be the coding sequence of a protein; (ii) an in-frame stop codon is present at nucleotides -27 to -25 upstream of the predicted initiation codon; and (iii) this ATG is surrounded by a sequence similar to the Kozak consensus sequence (GCCA/GCCATGG) for initiation of translation. 19 In the intact cell, this methionine is likely to be cleaved and the resulting N-terminus may be acetylated, since the amino acid following the initiator methionine is alanine. 20 Computer-assisted analysis showed that the overall amino-acid sequence of the human 14-kDa subunit was respectively 69% and 70% identical to those of M. sexta and D. melanogaster. These two organisms, both belonging to the Class Insecta, are remarkably similar to one another in this region (91% identity; see Fig. 2 ). As shown in Table 1 , three regions of the 14-kDa subunit were highly conserved from insect to human: amino acid residues 5-36, 58-68, and 88-118. The middle region in particular had extremely high homology (91-100% identity) among the three subunits. Hence, we think that these subunits have evolved from the same ancestral gene, and that the three conserved regions are critical for the structure and function of V-ATPase. Hydrophobicity analyses were performed according to Kyte and Doolittle; 21 no striking differences were observed with respect to hydropathy among the three subunits. The human 14-kDa protein, like the others, seemed to be predominantly hydrophilic, judging from its hydrophobicity score of -0.25. As the 14-kDa subunit of M. sexta was extracted under conditions that eluted several polypeptides belonging to the hydrophilic Vi domain of V-ATPase, the human 14-kDa subunit also is likely to be a component of the Vi domain. As shown by its hydrophobicity profile (Fig. 3) , the first half of the N- terminal region, and the middle region, were on the whole hydrophobic, which would suggest a loose attachment of the 14-kDa subunit to the membrane at those points. Moreover, 12 clusters of charged amino acids containing two to four each of glutamic acid, aspartic acid, lysine, arginine and histidine residues are scattered throughout the protein. These charged clusters in the Vi domain may mediate attachment of positively charged metal ions to the ion-channel subunit(s) in the Vo domain. By Northern blot analysis, a single band of 0.8 kb was detected in various human tissues (Fig. 4) . The mRNA may be longer at the 5' end, but the total length of the cDNA (680 bp) plus poly(A) tract, which usually contains 100-300 bases in eukaryotes, is very close to that of the mRNA band (0.8 kb) identified by Northern blotting. As the human 14-kDa subunit is expressed ubiquitously, it might function as a housekeeping protein. Although we isolated two distinct transcripts of the same length, their differences seem to represent normal polymorphism because the changes were minor; however, whether or not these two mRNAs were transcribed from matching chromosomal alleles is unknown. After overexposure of the tissue blot, two weak bands (>20 and 9.0 kb) appeared in the lane derived from skeletal muscle; whether these transcripts are related to tissue specificity or to targeting of a specific organelle is unknown at present.
